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ABSTRACT
Serious games, many of which are multi-player games, have been commonly used in information technology education and
training. Competition can be intuitively associated with games; however, it is not always considered as a necessary attribute of
serious games. Particularly, the learning impact results of competition are mixed. Challenge and control are two game attributes
that are highly relevant to competition. With the use of a multi-player serious game, SEO War, this study aims to explore the
relationships among competition, perceived control, perceived challenge, and self-efficacy in a game-based learning environment.
Particularly, it investigates whether competition leads to self-efficacy. It also examines whether perceived challenge and
perceived control mediate the relationship between competition and self-efficacy in serious games. This study contributes to the
expanding literature on selecting important attributes for serious games, and it advances our understanding of the mechanism of
how competition leads to self-efficacy. Moreover, it will help game designers decide on important game attributes through which
games can be enhanced.
Keywords: Competition, Perceived control, Perceived challenge, Game-based learning
1. INTRODUCTION
Serious games have been commonly used in information
technology (IT) education and training. They were developed
for learning about different IT knowledge areas, such as
computer programming (e.g., Muratet et al., 2009; Kazimoglu
et al., 2012), IT project management (e.g., Carlos and AwadAubad, 2007; Chau et al., 2013; Lui, Lee, and Ng, 2015),
project development methodology (e.g., Fernandes and Sousa,
2010), and software engineering (e.g., Baker, Navarro, and
Van Der Hoek, 2005; Taran, 2007). Many of them are multiplayer games. Several papers reviewing these serious games
have also been published in recent years (Boyle et al., 2016;

Baptista and Oliveira, 2018; Calderón, Ruiz, and O’Connor,
2018).
Competition is an interactive attribute that can be
intuitively associated with games. However, not all scholars
consider competition as an indispensable game attribute that
leads to learning outcomes. Garris, Ahlers, and Driskell (2002)
reviewed previous literature on games and proposed six
essential game features leading to learning outcomes: fantasy,
rules/goals, sensory stimuli, challenge, mystery, and control.
Competition was not included. Wilson et al. (2009) expanded
the list to 18 game attributes. The most comparable to
competition seem to be interaction (interpersonal) and
interaction (social). Interaction (interpersonal) refers to faceto-face interaction among players (Crawford, 1984), whereas

167

Journal of Information Systems Education, Vol. 30(3) Summer 2019

interaction (social) means the interaction mediated by
technology (Prensky, 2003). Competition was not explicitly
mentioned in either list of attributes. One reason for not
including competition may be the inconsistency among studies
on the effect of competition on the learning experience.
No consensus has been reached among researchers on
whether competition is conducive to learning. Some studies
have supported that competition strengthens motivation (Yee,
2006; Muratet et al., 2009; Burguillo, 2010; Admiraal et al.,
2011; Cagiltay, Ozcelik, and Ozcelik, 2015; Sepehr and Head,
2018). However, Deci et al. (1981) showed that students have
lower intrinsic motivation when they are required to compete
against their counterparts at solving puzzles. Losing the games
at the end would reduce players’ intrinsic motivation (Reeve
and Deci, 1996). Van Eck and Dempsey (2002) proposed that
competition is good only when students do not perform at
their maximum potential. Stapel and Koomen (2005) stated
that competition can help expose students to social
comparison so that they focus on their differences from their
counterparts. Losing the game can therefore adversely affect
students’ confidence. Cheng et al. (2009) found that students
who have low self-efficacy feel discouraged and frustrated in
competitions against those who have stronger self-efficacy.
Vandercruysse et al. (2013) proposed that the impact of
competition in a gaming environment on students’ learning
and motivation depends on their perception of the
environment. Students who consider themselves to be playing
the game in a gaming environment instead of a learning
environment gain better learning experience during
competition. Santhanam, Liu, and Shen (2016) showed that
high competition among players reduces their self-efficacy.
The inconsistency among studies may be rooted in an
inadequate understanding of how competition derives learning
outcomes in the game-based learning environment (Song et al.,
2013; Santhanam, Liu, and Shen, 2016). Challenge and
control are among the earliest established game attributes
(Malone and Lepper, 1987), and they are highly relevant to
competition. Our study explores the intercorrelation among
competition, perceived challenge, perceived control, and selfefficacy. Our study aims to answer two research questions: (1)
does competition lead to an increase in self-efficacy and (2) do
perceived challenge and perceived control mediate the
relationship between competition and self-efficacy? The study
contributes to the expanding literature on selecting important
attributes for serious games. It advances our understanding of
the mechanism whereby competition leads to self-efficacy.
Moreover, it will help game designers decide on important
game attributes, whereby game enhancements can be made.
2. THEORETICAL BACKGROUND AND HYPOTHESIS
DEVELOPMENT
2.1 Self-efficacy
Self-efficacy refers to people’s confidence in their ability to
master a task. A more precise definition is “people’s beliefs in
their capabilities to mobilize the motivation, cognitive
resources, and courses of action needed to exercise control
over events in their lives” (Bandura, 1989, p. 1,175). People
who possess stronger self-efficacy for a task are more willing
to spend time and effort on that task (Bandura, 1989). Selfefficacy helps predict learners’ future behavior. It has been

commonly used as a measure to indicate the success of serious
games as well as other more traditional training programs
(Marcolin et al., 2000; Santhanam, Liu, and Shen, 2016).
According to theories on achievement motivation, people
develop their perceptions of competence with reference to the
abilities and efforts of other members in a normative reference
group (Nicholls, 1984). Game players recognize their own
achievement through interpersonal interaction in games
(Crawford, 1984). We expect that players might develop
confidence in their ability through competition against others
and posit the first hypothesis:
H1: Competition has a positive direct effect on selfefficacy.
2.2 Challenge
Challenge is among the most important attributes of serious
games (Sweetser and Wyeth, 2005). It refers to the appropriate
level of difficulty that matches players’ skill. A number of
researchers have used the term conflict/challenge instead of
challenge (e.g., Prensky, 2003; Pavlas et al., 2009; Wilson et
al., 2009; Marlow et al., 2016). According to Crawford (1984),
conflicts are the appropriate obstacles that players have to
overcome in the game. They prompt interaction between
players and the game. There are four kinds of conflicts: direct,
indirect, violent, and non-violent. Crawford noted that the
agent with whom players have conflicts can be a human
individual or a computer-simulated player.
More conflicts generate more interaction among players.
The interaction “transforms the challenge of the game from a
technical one to an interpersonal one” (Crawford, 1984, p. 12).
The variety of conflicts, e.g., interpersonal competition among
players, perhaps facilitates the matching between the level of
difficulty and the players’ skill. Thus, competition should be
positively correlated with challenge (Sepehr and Head, 2018).
This leads to the second hypothesis:
H2: Competition has a positive direct effect on challenge.
According to flow model theory (Csikszentmihalyi, 1975),
people can gain the optimal experience of an activity if their
skills match the task’s level of difficulty. An activity that is
too easy or too hard cannot generate much intrinsic interest. In
the context of serious games, perceived challenge enhances
intrinsic motivation to learn. An optimal level of challenge is
the amount of challenge that stimulates people to gain the
greatest intrinsic motivation (Malone and Lepper, 1987). The
appropriate level of difficulty generates motivating pressure
for learning (Driskell and Dwyer, 1984). Self-efficacy is a
commonly used construct to predict motivation to learn
(Bandura, 1991). This theoretical background leads to the
following hypotheses:

168

H3: Challenge has a positive direct effect on selfefficacy.
H4: The effect of competition on self-efficacy is partially
mediated by challenge.

Journal of Information Systems Education, Vol. 30(3) Summer 2019

2.3 Control
Control has been considered as an elementary feature of a
serious game (Malone, 1981; Kiili, 2005; Sweetser and Wyeth,
2005). It is players’ sense of control over their own actions in
the game (Sweestser and Wyeth, 2005). Garris et al. (2002, p.
451) referred to control as “the exercise of authority or the
ability to regulate, direct, or command something.” According
to Malone and Lepper (1987), control means the degrees to
which the game’s outcomes depend on players’ actions, the
choices of action in the game are numerous, and the outcomes
are apparent and salient. Several researchers have proposed
that control is an interactive attribute of games (Vogel et al.,
2006; Marlow et al., 2016). Prensky (2003) identified the
difference between social interaction and equipment
interaction. At first glance, control is more of an equipment
interaction in Prensky’s view. However, when it comes to
competition against virtual players in the games, the line
between the two kinds of interaction becomes blurred. Langer
(1975) suggested that competition can lead to a perception of
skill situation. People perceive an illusion of control since they
think that they can affect a situation through their skills. The
actual situation, however, can be a chance situation in which
people’s actions have no effect on final outcomes. We
therefore posit the following hypothesis:
H5: Competition has a positive direct effect on control.
Literature from various research areas has considered the
desire for control as a human basic need (Fiske and Dépret,
1996). According to Csikszentmihalyi’s (1996) flow theory,
people gain a sense of control over actions through the optimal
experience of an activity. The sense of control is especially
crucial for military simulation serious games (Fong, 2006).
Empirical findings have also suggested that a greater sense of
control leads to a better game experience (Kim et al., 2015). In
addition, power and control are two closely related constructs
in the psychology literature. More control can generate the
feeling of being in power (Dépret and Fiske, 1993). In other
words, people who have a greater sense of control perceive
themselves as more competent. This theoretical background
leads to the research model (Figure 1) and hypotheses:

H6: Control has a positive direct effect on self-efficacy.
H7: The effect of competition on self-efficacy is partially
mediated by control.
3. METHODS
3.1 Game Overview
SEO War is a multi-player serious game that is used for
learning search engine optimization knowledge. It is a face-toface board game. In the game, players act as digital marketing
managers at four different universities. They have to compete
against each other in the game to promote their universities
through online marketing campaigns with the use of their
search engine optimization knowledge. Figures 2 and 3 show
the main board and some game cards of SEO War. The player
with the highest number of student admissions after six rounds
wins the game. The game cards represent different SEO tactics
commonly adopted by different websites. The players should
use the cards of on-page optimization as well as off-page
optimization to increase the number of website visitors. They
should also use the cards to create unique content to attract
backlinks to their websites. Furthermore, in order to increase
student admissions, the players can use the cards of
conversion optimization to improve the conversion rate of the
websites. More details of SEO War are shown in Lui and Au
(2018).
3.2 The Exploratory Study
Around 70 university students who were enrolled in a
computer science course participated in the study. They played
the serious game, SEO War, during their lecture hours. During
the lecture, the instructors first introduced background
information on the game and briefly demonstrated how to play
the game. The students subsequently played the game in
groups of four. Immediately after the game, the students
completed online questionnaires. They were informed that
their responses would be used for research purposes and

Figure 1. Research Model
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Figure 2. Main Board of SEO War

Figure 3. Cards of SEO War

would be anonymized. The questionnaires were designed
based on questions from several relevant studies, including
Hsu et al. (2009), Tan et al. (2013), and Hamari et al. (2016).
The responses were collected using a five-point Likert scale
(i.e., strongly agree, slightly agree, neutral, slightly disagree,
and strongly disagree). The questions are shown in Appendix
A. A total of 69 students successfully completed the
questionnaires.

4. DATA ANALYSIS AND RESULTS
4.1 Analysis
The PLS-SEM (partial least squares structural equation
modeling) approach was used to conduct a mediation analysis
of the data (Nitzl, Roldan, and Cepeda, 2016; Hair et al., 201).
We chose PLS-SEM because (1) the size of our dataset is
small, (2) our model is prediction-oriented, and (3) our
research focus is not to seek for the best model among the
constructs. These reasons align with Wong’s (2013)
conditions for adopting PLS-SEM. We used the analytic tool
SmartPLS 2.0 M3 (Ringle, Wende, and Will, 2005) for our
analysis.
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AVE

Sqrt(AVE)

Correlation among Constructs
Competition Perceived Challenge

Perceived Control

Self-efficacy

Competition
0.7794 0.8828
1.0000
Perceived Challenge 0.8009 0.8949
0.4635
1.0000
Perceived Control
0.6650 0.8155
0.6203
0.6993
1.0000
Self-efficacy
0.9212 0.9598
0.5583
0.6407
0.7384
1.0000
Table 1. Details of the Average Variance Extracted, Square of the AVE, and Correlation among the Constructs
CR
Competition
0.9137
Perceived Challenge
0.9234
Perceived Control
0.8559
Self-efficacy
0.9590
Table 2. Details of the Composite Reliability of the Constructs
Competition Perceived Challenge Perceived Control
Competition (IC1)
0.4341
0.5557
0.9226
Competition (IC2)
0.3717
0.5173
0.8520
Competition (IC3)
0.4188
0.5680
0.8724
Perceived Challenge (C1) 0.4140
0.6507
0.8768
Perceived Challenge (C2) 0.4177
0.6406
0.8984
Perceived Challenge (C3) 0.4122
0.5841
0.9092
Perceived Control (AC1) 0.5506
0.6170
0.8693
Perceived Control (AC2) 0.4605
0.6023
0.7984
Perceived Control (AC3) 0.5025
0.4913
0.7757
Self-efficacy (S1)
0.5550
0.6641
0.7207
Self-efficacy (S2)
0.5154
0.5621
0.6960
Table 3. Details of the Loadings and Cross-Loadings for the Items
Three criteria – sample size, convergent validity, and
discriminant validity – were checked to justify the adoption of
PLS-SEM. For a typical research study that has a 5%
significance level, a statistical power of 80% and an R2 value
of more than 0.25, according to Wong (2013), the minimum
sample size is 59 for a research model that has no more than
three arrows pointing to any latent variables. Chin (1998)
proposed that the required sample size should be at least 10
times larger than the block that possesses the largest number
of formative indicators and at least 10 times larger than the
construct that has the most constructs influencing it. Based on
Chin’s suggestion, the minimum sample size is 30. Our dataset
is larger than both recommended requirements.
Average variance extracted (AVE) and composite
reliability (CR) were used to verify the convergent validity.
The AVE of each construct should be larger than 0.5 (Fornell
and Larcker, 1981). Composite reliability (CR) should be
greater than 0.7, unless the study is exploratory in nature
(Bagozzi and Yi, 1988; Wong, 2013). Tables 1 and 2 show
that our dataset fulfills these requirements.
We followed Chin’s (2010) recommendations to verify the
discriminant validity. First, the loadings for each item should

Self-efficacy
0.5158
0.4528
0.5070
0.6016
0.5560
0.5602
0.6029
0.5930
0.6098
0.9628
0.9567

be larger on its own construct than its cross-loadings on other
unintended constructs. Also, each construct should not have
higher variance with other unintended items than with its own
items. Table 3 shows that our dataset fulfills Chin’s
recommendations. In addition, the square root of the AVE of
each construct should also be greater than the correlation of
the construct with the other remaining constructs (Fornell and
Larcker, 1981). Table 1 shows that our data are in line with
these requirements.
Table 4 shows the t-statistics of the outer loadings. All the
t-statistics are larger than 2.58. The outer model loadings are
significant at p = 0.01.
4.2 Results
The results show that competition accounted for 21.5% of the
variance of perceived challenge and 38.5% of the variance of
perceived control. Competition, together with perceived
challenge and perceived control, contributed to 59.0% of the
variance of self-efficacy (see Table 5). The variance is slightly
lower than the substantial level (67%) and much larger than
the moderate level (33%) proposed by Chin (1998). It shows
that the structural fit of the proposed model is reasonably good.
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Competition (IC1)
Competition (IC2)
Competition (IC3)
Perceived Challenge (C1)
Perceived Challenge (C2)
Perceived Challenge (C3)
Perceived Control (AC1)
Perceived Control (AC2)
Perceived Control (AC3)
Self-efficacy (S1)
Self-efficacy (S2)

Competition
12.0191
11.9881
13.4802

Perceived Challenge

10.8791
10.8318
9.6448

Perceived Control

12.9837
11.3026
9.8322

Table 4. The t-Statistics of the Outer Loading

Self-efficacy

28.6445
31.9344

R2

Perceived Challenge
0.2148
Perceived Control
0.3848
Self-efficacy
0.5896
Table 5. Details of the Coefficients of Determination of the Dependent Variables
Path

Direct Effect

t-statistics

Total Effect

t-statistics

Competition  Self-efficacy

0.1517

1.5572*

0.5583

6.2261***

Competition  Perceived Challenge

0.4635

3.8867***

N/A

N/A

Competition  Perceived Control

0.6203

7.8631***

N/A

N/A

Perceived Challenge  Self-efficacy

0.2345

2.4198***

N/A

N/A

Perceived Control  Self-efficacy

0.4803

3.7817***

N/A

N/A

* = p < 0.1, ** = p < 0.05, *** = p < 0.01
Table 6. The Path Coefficients and the t-Statistics of the Direct Effect and the Total Effect
Table 6 presents the direct and total effects on selfefficacy with a bootstrapping sample size of 5,000. The total
effect of competition means the sum of the direct effect and
the indirect effect of competition to self-efficacy. It is
equivalent to the direct effect of competition on self-efficacy
without the mediators, i.e. perceived challenge and perceived
control (Barron and Kenny, 1986; Wong, 2016; Hair et al.,
2017). It is equal to the results of the first stage of the two-step
approach (Becker, Klein, and Wetzels, 2012). All path
coefficients are significant at p < 0.01 except the path
coefficient between competition and self-efficacy. Thus, H2,
H3, H5, and H6 are supported. The path coefficient between
competition and self-efficacy is significant only at p < 0.1, and
its value is 0.152, which is rather small. Still, we can consider
that H1 is marginally supported. Given that both a mediated
effect and a direct effect of competition on self-efficacy exist,
H4 and H7 are also supported.

5. DISCUSSION
Our study aimed to explore the interrelationships among
competition, perceived challenge, perceived control, and selfefficacy in the environment of a serious game. The results
show that competition significantly influences perceived
challenge and perceived control. The players felt a sense of
control through competition against others. They concurrently
considered competition as an interpersonal challenge.
In addition, competition has a strong total effect on selfefficacy in the game-based learning environment. However,
the direct effect of competition on self-efficacy is largely
mediated by perceived challenge and perceived control. The
direct effect on self-efficacy is weak and only marginally
significant. The size and significance of the direct effect do
not justify competition as a fundamental dimension of a
serious game, particularly when it is compared to perceived
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control and perceived challenge. Our results respond to
Vorderer, Hartmann, and Klimmt’s (2003) conjecture that
competition’s effect on enjoyment in leisure games is
mediated by Malone’s (1981) game attributes, namely,
challenge, control, and fantasy. We have identified two main
mechanisms (i.e., perceived challenge and perceived control)
through which competition leads to self-efficacy, an important
indicator of future willingness to spend time and effort on the
academic subject (Bandura, 1989). A better understanding of
the mechanisms will help us resolve the inconsistency among
studies on competition (Song et al., 2013; Santhanam, Liu, and
Shen, 2016). Inadequate understanding of the mechanisms
may be a reason for the inconsistency among studies on
competition.
Santhanam, Liu, and Shen (2016) showed that only
players’ engagement increases with competition in a gamified
training environment. In their studies, players’ self-efficacy
decreased when competition was high. They argued that the
difference in competitive structure is a possible reason for the
inconsistent findings among studies on whether competition
leads to learning outcomes. Based on our results, we propose
that competition may not be a good focal point on which to
examine a serious game. Rather, perceived challenge and
perceived control are better evaluation dimensions of serious
games, given their significant direct effects on self-efficacy.
The results show that both perceived challenge and
perceived control have positive effects on self-efficacy. This
aligns with the relevant theories and the empirical findings
(Csikszentmihalyi, 1975; Dépret and Fiske, 1993;
Csikszentmihalyi, 1996; Kim et al., 2015). The direct effect of
competition on perceived control is slightly larger than that on
perceived challenge. That is, the players related competition to
perceived control more than to perceived challenge. The
results lean toward the view that competition leads to social
comparison and are complementary to the conclusions of
Stapel and Koomen (2005), Cheng et al. (2009), and Song et
al. (2013). On the other hand, our results are not contradictory
to Van Eck and Dempsy’s (2002) view that competition
causes players to judge the difference between the task’s
difficulty and their own abilities. However, this effect is less
than that which leads to social comparison in our study.
Players with comparable game skills should be put into the
same group so they can achieve better self-efficacy. The
conflicts in the game can then concurrently match the similar
game skills of the players. In practice, however, it is
sometimes difficult to ensure that players in the same group
have comparable game skills. For example, teachers may not
have the opportunity to recognize their students’ academic
proficiency from previous teaching or survey the students’
game experience and familiarity in advance of the gameplay.
Under this circumstance, some students will inevitably be
deprived of perceived challenge.
Putting more effort into game design, especially into the
game actions, can help compensate for the grouping problem
in practice in order to achieve the full potential of serious
games. Game designers should develop serious games that
provide players with a multitude of game actions. These game
actions are not limited to those that affect other players’ game
performance. Customization of in-game characters, for
example, can also increase perceived control (Kim et al.,
2015). Players can gain a sense of control through these game

actions. The number and the diversity of game actions
facilitate the development of self-efficacy.
6. LIMITATIONS AND FUTURE STUDIES
Several directions for future studies have been identified. Our
current study is limited to face-to-face competition, and
therefore we did not encounter the mediation effect of digital
interfaces on relationships among players mentioned by
Prensky (2003). Some empirical studies have focused
particularly on how face-to-face competition improves
learning outcomes (e.g., Chang et al., 2007; Wu et al., 2007).
Future studies can expand the current scope of research by
including the mediation effect of digital interfaces. The
mediated environment limits the impacts of facial expressions,
verbal cues, and body language. If only the board and the
cards are digitalized, then the learning effects of the game will
be limited. Communication features should be added for
player interaction in order to achieve similar learning effects
to those of face-to-face serious games. A good digital serious
game should also include game features (e.g., leaderboards,
badges) and channels (e.g., chat rooms) through which players
can interact with other players.
The current study investigated competition among real
people. Competition between real players and virtual,
simulated players had not been examined. Crawford (1984)
defined both kinds of competition as conflicts that prompt
interaction. Williams and Clippinger (2002) showed that
players feel stronger aggression after competing against the
computer than after competing against a stranger face-to-face.
However, Anderson and Carnagey (2009) found contradictory
results. Future studies can investigate how players perceive
these two kinds of competition differently and the difference
in their perception between a real and a virtual gaming
environment.
In addition, there are other interactive attributes beside
competition, e.g., collaboration and cooperation. Future
research can focus on how these different kinds of interaction
lead to an improvement in learning outcomes. Different modes
of play can also be examined. Muratet et al. (2009) used the
individual mode against the computer and the multiplayer
mode against friends to demonstrate the effectiveness of realtime strategy, a popular game genre. They argued that the
individual mode can improve players’ skills, whereas the
multiplayer mode can encourage players to tackle new
challenges. Moreover, the perception of the interaction may
also matter. Vandercruysse et al. (2013) proposed that the
perception of the game environment may impact the effect of
competition on learning outcomes. It is perhaps not the nature
of the game interactivity among players but how the players
perceive the interactivity that matters. The interaction among
players in the game can be a mix of various interactive
attributes.
Lastly, we did not explore the best model for competition,
perceived challenge, perceived control, and learning outcomes.
The study is prediction-oriented as it focuses mainly on the
two research questions, i.e. whether competition lead to better
learning outcomes, and whether perceived challenge and
perceived control mediate the relationship between
competition and learning outcomes. Future studies may seek
for the most appropriate model for these constructs.
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7. CONCLUSION
Our study shows that competition significantly leads to an
increase in self-efficacy. The relationship between competition
and self-efficacy, however, is strongly mediated by perceived
challenge and perceived control. Therefore, competition may
not be a good dimension on which to evaluate the learning
impacts of serious games. Game designers and education
practitioners should focus more on enhancing the challenge
and control provided in serious games to improve learners’
experiences.
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Appendix A: Post-Game Questionnaire
Questions

Competition
(IC1)
Competition
(IC2)
Competition
(IC3)
Perceived
Challenge (C1)
Perceived
Challenge (C2)
Perceived
Challenge (C3)
Perceived
Control (AC1)
Perceived
Control (AC2)
Perceived
Control (AC3)
Self-efficacy
(S1)
Self-efficacy
(S2)

Strongly
Agree
5

I competed with other game players
during the game.
I enjoyed competing with other players.
The game facilitates me to compete with
other players.
The game provides an appropriate test of
my skills.
The game challenges me to perform to
the best of my ability.
When playing the game, I experienced
the level of challenge that matches my
skill level.
I can control my status and performance
in the game.
I can play the game using various
strategies.
I felt I influenced other players in the
game.
I am more confident in SEO knowledge.
I am more confident in learning social
media and its applications.
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Slightly
Agree
4

Neutral
3

Slightly
Disagree
2

Strongly
Disagree
1
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